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Abstract 
The paper deals with the design of the bearing assembly slide bearing crank pin of the crankshaft of boosted diesel engines. 
Selecting bearing diametrical clearance is an important matter in the design of the bearing assemblies. Then the assigned values 
clearances are checked with the help of the bearing and oil consumption hydrodynamic parameters of calculations. The 
magnitude of the clearance is one of the main indices. The final selection of clearance magnitude is carried out after the 
experimental operation or special experimental studies in case the latter is done. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The main element of the boosted diesel engine slide bearing is a-shell with thin layers of anti-friction material 
and the run-in coating. (Fig.1). Casting bronze, anti-friction cast iron, babbitt metal based on tin and lead up to 
110°C, plastic with water lubrication are used as  anti-friction materials [1, 2]. Porous cermet shells of iron-based 
powder or bronze with additives of copper, graphite, tin or lead are also used. The liquid lubricant, in the pores is 
squeezed during overload, providing satisfactory operating conditions for the bearing [3]. To reduce the 
consumption of expensive materials bimetallic shells which are a steel tape coated with a thin sliding layer it babbitt, 
lead bronze, silver, an alloy of aluminum containing inclusions of tin and 30% and others are used.  
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2. Analysis 
The design of the bearing assembly In this context, we can consider the main design features and the 
relationships of some plain bearings of domestic and foreign forced diesel engines. Design relationships are given in 
the table, whereas N is cylinder capacity; D - the diameter of the engine cylinder; S is - stroke; n is the engine speed; 
l is length of the bearing; d is-bearing diameter; r - index indicating on the radical neck of a crankshaft; c – the 
similar index of the crankshaft crank pin. 
 
 
Fig. 1. Scheme of the shaft bearing in the liquid friction exert crucial influence to its performance 
From the data given in the Table 1 it is clear that the diameter of the crank pin 6CHN21/21engine in comparison 
with the cylinder diameter is 0.64, and for the main bearing the ratio is 0.71. These figures show that the shaft 
journal diameters are on the border of the lower limit regarding other engines. It should be noted that the relatively 
small bearing diameter has advantages in metal capacity and friction losses, but in terms of the outside they are in 
more severe conditions. 
Table 1. Basic design bearings relationships of domestic and foreign forced diesel engines. 
Engine model 
N
hp 
D
mm 
S
mm  ൗ  
n
bearings 
rd
D  
cd
D  
the radical neck the crank pin 
  rl    rd  r
r
l
d  
   cl    cd  c
c
l
d  
16CHN26/26 200 260 260 1000 88 220 0,40 120 200 0,60 0,85 0,77 
6CHN 21/21 125 210 210 1500 58 150 0,40 94 135 0,69 0,71 0,64 
6CH23/30 75 230 300 1000 80 160 0,50 85 155 0,55 0,69 0,67 
12CHN18/20 100 180 200 1850 56 105 0,53 70 95 0,70 0,58 0,53 
RA6-280 400 280 290 1050 115 231 0,50 80 208 0,40 0,82 0,74 
RA4-200 175 200 210 1500 65 160 0,40 52 145 0,45 0,80 0,72 
RA4-185 150 185 210 1500 60 160 0,37 59 129 0,45 0,86 0,70 
12CH331Ɍɋ-12 
(12CHN16, 
5/15,5) 
119 165 155 2200 50 140 0,34 45 105 0,43 0,85 0,64 
ɌD120Ⱥ 55 130 150 2200 38 108 0,35 40 92 0,43 0,83 0,71 
10CHN12/12,5 31 120 125 2650 32 90 0,36 30 75 0,40 0,75 0,62 
6CHN12,5/15,5 47 125 155 2200 40 96 0,42 35 83 0,42 0,77 0,65 
12CHN21/21 125 210 210 1500 80 150 0,40 54 135 0,40 0,71 0,64 
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The analysis of the parameter l/d (the ratio of the bearing length to its diameter) shows that bearings (both main 
and connecting rods) is also close to the lower limit and equal to 0.4. Such value tightens the working conditions of 
the specific bearing load, especially for the rod bearing, as the latter option l/d has more important rigidity. As a 
result, the shaft is bent less than when using engine, the bearing edge rubbings are reduced. The diagram of the 
pressure along the length of the bearing is more uniform and hyperbolic boring is not required. From the above 
mentioned it follows that the connecting rod bearing is in a loaded condition [4]. 
3. Main part 
In this regard more attention is paid to this matter in this paper. Currently, there are a number of empirical 
formulas for choosing the gap used at the design stage. The initial value of the clearance is determined according to 
the formula of <GLACIER>company (UK). 
0,25n
6 1000
d'  

  (1) 
For connecting rod bearing the clearance is  
0,251500 135 0,140
6 1000c
mm'   

  (2) 
For the main bearing the clearance is 
0,25
b
1500 150 0,155
6 1000
mm'   

  (3) 
Similar clearance values for this bearing dimensions are obtained according to the recommendations of firms 
<GLYCO>(Germany) and TU whether Cousins (Japan) ǻ = (0,0008 ... 0,0010) d; for connecting rod bearing ǻc = 
0,110 ... 0,160mm; main bearing ǻb = 0.120 ... 0,175mm. 
Perfect contact load bearing is one of the most common criteria for the bearing performance [5]. The values of 
this test are given in reference books both in our country and abroad and are calculated with the help of the formula: 
maxPq
ld
 ,  (4) 
Whereas  P max - the greatest force acting on the bearing, l - the length of the bearing; d - is the diameter of the 
bearing. 
Limits q max are determined by the  properties of the sliding layer of the bearing shell and they are as follows: 
lead bronze C30 uncoated ... .20,0 MPa 
lead bronze coated with lead and tin ... 25,0 MPa 
lead bronze coated with lead, tin and copper ... .In 35,0 MPa 
tin-lead bronze (BrOS.-1-22) with a coating of lead, tin and copper ... .is over 35,0 MPa 
It is provided that in the cylinder of the diesel 6CHN21/21 the greatest gas pressure varies from10 to... 13 MPa, 
then q is equal to 46.6 ... 60.6 MPa. It follows that the bearing shells are to work 5000 ... 6000 hours, but it is 
necessary to apply modern technology in their manufacture to improve the quality [6]. It should be noted that the 
value of q, used when analyzing the performance of the bearing is the conventional unit numerically equal to the 
specific pressure in the bearing according to the conditions of the distribution of specific pressures on the arc force 
interaction 180°C, as shown in Fig. 2a. The actual distribution of pressure can occur on an arc less than 180°C and it 
cannot be uniform as shown in Fig. 2b. In a real case (2b) the actual value of the maximum pressure P  exceeds q. 
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According to an experimental study of bearing hydrodynamic parameters തܲ௠௔௫ is more than 100 MPa. Apparently, 
this value depends on many factors such as the size of the gap the bearing case stiffness lubricant viscosity, and so 
on. For example the changing lower crosshead structural rigidity, mainly by varying the size of the metal rod of the 
sample allows to reduce the maximum pressure up to 25% [7]. 
 
Fig.2 Contact pressure distribution in the bearing: a) conditional diagram; b) general view of real diagrams 
This result is obtained with the help of the calculation excluding the oil layer in the bearing. However it is 
impossible to take into account the thickness of the oil layer in calculating Therefore the role of the bearing case 
rigidity in combination with the choice of the clearance extent on the bearing capacity of the bearing should be 
evaluated experimentally on running pilot engine. 
Calculation of the hydrodynamic characteristics of the bearing was carried out with the help of the alternative 
design for rigid bearing housing. Using the superposition principle, the solution of the hydrodynamic problem of 
unsteady loaded cylindrical bearings can be represented as a vector sum of particular solutions of the generalized 
Reynolds equation for a rotating shaft, loaded with an arbitrary alternating force. Since the validity of the principle 
of superposition for the solution the problem of unsteady loading can be considered to be quite reasonable and 
rigorously proved the accuracy of the solution according to this scheme is determined by the accuracy of the 
approximate solutions for the constituent components. To obtain more accurate solution first of all it is necessary, to 
provide certainty into the assumptions or the job of finding the law of distribution of hydrodynamic reaction forces 
establishing the  boundary of overpressure for each of the components. 
In currently used methods of the hydrodynamic slide bearings calculation based on the direct solution of the 
differential Reynolds equation the law of pressure distribution in the oil layer along the length of the bearing is taken 
as parabolic one (with a degree parabola m=2) and it does not depend on the relative eccentricity. 
However the most elementary notions of fluid flow in the gap between two cylindrical surfaces, shows that the 
increase in the eccentricity should cause a more substantial increase in the hydraulic resistance of the expiration of 
the clearance narrowest part into the open ends as compared with the resistance of the flow through  the crankpin in 
the direction of expanding annular clearance. Smooth with small eccentricity  pressure curve changes along the  
bearing axis  with its increase  will deform asymptotically approaching the U-shaped form. The pressure diagrams 
deformation rate is to be the more apparent the larger the ratio of length to bearing diameter [8].  
 In order to be able to take into account the effect of the pressure diagram shape on the constituent components of 
the reaction force, it is necessary to eliminate all obstacles to this condition. This requirement is satisfied with the 
solutions based on the variation to the minimum of the total energy of the system in its discrete state. In this case 
dimensionless reactive displacement forces 0S
Q  and rotation forces 0S
Z are determined by minimizing the expression: 
( ) ( ) ( )
v
( ) ( ) ( )
W z v
z
W W W
W W W W
I
I Z
Z
'
'
­   °
®
  °¯
  (5) 
Where ( )zW  end outflow expiration energy 
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z zh dPW d dz
d
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( )W I – the energy of flow around the shaft journal 
22
( ) ( )
12
h dP
W d dz
d
I I I
K[ I
§ · ¨ ¸
© ¹
  (7) 
( )vW –the work of force of resistance to radial movement of the shaft; 
2 22 2
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 
ª º
 « »
¬ ¼
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( )W Z – the kinetic energy of the flow generated by the rotation of the shaft; 
2 2
( )
0
0 2 0 2
W ( ) cos
2 cos
l lk k
l l
dP
h h d dz P d dz
P d
I I
Z ZW I I I
E I 
 ³ ³ ³ ³  (9) 
Where h0 is - minimum clearance; ȕ - the angle of the vector deflection and reactive power PZ - from the center 
line. 
The limits of integration in expressions ( )zW and ( )W I  are taken in accordance with the expression ( )zW and 
( )W I .In order to avoid errors due to the imposition of restrictions on the form of diagrams of the pressure 
distribution along the length of the bearing let us  represent the function of pressure in the oil bearing layer as a 
double row. 
mnP A m nZ) ¦¦   (10) 
Where  m) and nZ  - functions describing the pressure distribution along the length and circumference of the 
bearing and satisfying the boundary conditions; - the varied scale factor. 
In the most simple form of approximate solution features m
Q)  and m
Z)  we define dependencies adjusted to match 
the exact solution of one-dimensional problem (the case of an infinitely long bearing) and Z is taken as a 
trigonometric series i.e 
Ȟ
1 2
1ĭ 1;
(1 Ȥcos )I
 

  (11) 
2
Ȧ
1 2 22
2 1 (1 2 )(1 cos )ĭ sin
1 2(1 ) (1 ) 2(1 cos )1
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nZ cos(2 1) 2
z
n
S    (13) 
In accordance with the adopted expression for the function 1
Z)  the deviation angle of the vector PZ  from the line 
of centers is determined  with the formula  
1(0,75 )
1
arctg
FE S
F
 

  (14) 
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Minimizing the expressions we get the characteristic equation of the form  
0
0
A-S 0
S 0
E
B E
Q
Q
­  °
®
  °¯
   (15) 
With the dimensionless reactive displacement forces 0S
Q  and rotation 0S
Z  are determined as maximum values of 
these equations. The elements of matter characteristic equations are obtained by substituting the expressions for P. 
The calculation of the path of movement of the shaft in the bearing is determined according to the following 
provisions. Dependencies to determine the hydrodynamic reaction forces of repression 0S
Q  and rotation 0S
Z  can be 
directly used in the calculations of the shaft movement trajectories in the bearing on the balance of power scheme. 
The solution here is obviously reduced to accurate in all cases where the magnitude of deformation of the mating 
pair of friction is small compared with the working air clearances, and the conditions of the bearing with the 
environment creates an almost uniform temperature field oil layer over the entire arc of the carrier. 
With respect to the crankshaft bearings of four-boosted diesel engines such calculation may serve the purposes of 
the qualitative assessment reserve load capacity and durability [9,10]. 
In a simplified scheme of non-deformable bearing path shaft calculation is reduced to consecutive calculation of 
Ȥ and į, as follows. For the starting point of the trajectory the coordinates ofȤ1 and į1 are taken. Initial relative 
eccentricity Ȥ1 chosen arbitrarily and ߜଵ accepted equal Ȗ1. Then, in accordance with a change in the magnitude and 
direction of the external load calculated coordinate increments ᇞȤ and ǻį following formulas: 
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The proper angular bearing speed Ȧz is determined by kinematic relations of the mechanism. 
After ǻȤ and ǻį calculation Ȥ and į are defined for the next step of the calculation. Values 0S
Q and 0S
Z for each 
successive step of the calculation are determined by the corresponding characteristic equation. The calculation 
should be done until the values of Ȥ and į of the cycle initial and final points coincide with a given accuracy. 
If there is a closed annular groove in the working surface a smooth bearing can be replaced by two ones working 
in parallel and having a smaller area of the base. Generally the closed annular groove located in the middle of the 
bearing, divides its working surface into two equal parts. In this case, the calculation is performed for one half of the 
bearing at half load. 
When partial annular groove is used the construction of the shaft movement path in the bearing is realized 
according to the following two calculations: for the main bearing and the bearing with a closed annular groove.   
The path is constructed by means of the results of these calculations overlaying with a smooth transition from one 
path to another in the areas of the joints of grooved and unproved areas. 
4. Conclusion  
The calculation of bearing capacity under the method above has been found that the minimum thickness bearing 
lubrication does not exceed 3 microns at the nominal operation of diesel engine mode (N=200HP, n=1500RPM) 
under oil M14 VTS lubrication and, 120 micron clearance. Despite the fact that this value is quite conditional and is 
to be tested during in-service inspection it should be noted that this value is not sufficient for reliable operation of 
the bearing at hydrostatic mode, which can result in direct metal contact on micro relief tops of the shaft and shell 
working surfaces in the case of the unfavorable combination of parts stiffness and technology deviation. 
Theoretically, boundary friction can be avoided at the expense of improving the finish class of friction surfaces. This 
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is achieved by increasing the requirements for surface roughness parameters at the stage of the of bearing parts 
manufacturing and the selecting of empirically relevant modes of the diesel engine during processing. So, according 
to foreign firms data and the study of Russian scientists the initial roughness of the crankshaft journal should not 
exceed ܴ௔ ൑ Ͳǡʹmicrons and macro relief tolerances should be based on the level of the 1st class of accuracy. 
The work is executed at financial support the Ministry of education of Russia government job of the Ministry of 
education of Russia ʋ 9.896.2014/K. 
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